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I N T R 0 D U C T I 0 N. 
The problem of mathematics in secondary education occupies 
an important place in the discussion of educators. Studies are 
being made to determine what mathematics should be taught in the 
secondary schools, what courses should be prescribed for all 
pupils , and what Should be elective, and what are the most effective 
methods of presenting the sUbject. The purpose of this paper is 
to present the objectives Which should be realized in the mathemat-
' ics courses in. the secondary schools; to describe courses which are 
being carried out successfully in the junior and senior high schools; 
to suggest the content of the mathematics courses and plans for the 
organization of the material; and to consider the preparation neces-
sary for s ecoridary school teachers of mathematics. 
I have considered the mathematics both of the junior and senior 
high school. The junior high school comprises the seventh, eighth, and 
ninth school years; the senior high school the tenth, eleventh, and 
twelfth school years• The mathematics courses for the junior high 
school are chosen with the purpose of giving the pupils a preview 
of the main branches of elementary mathematics, and of furnishing 
them with the most valuable training in mathematics without reference 
to their future work. The mathematics courses in the senior high 
school are seledted with reference to the pupils' vocational and 
educational needs and their practical application. 
• 
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II. BRIEF HISTORY OF THE DEVELOPMENT OF' THE STUDY OF MATHEMATICS. 
Mathematics has held a position of prominence in the 
history of the secondary education, both of Europe and of the 
United States, next to that of the classical languages and lit-
erature. In the form of elementary arithmetic, mathematics was 
taught in the secondary schools of Europe before the establishment 
of secondary education in America, but did not gain a conspicuous 
place in the curriculum until the first quarter of the nineteenth 
century. Instruction in elementary arithmetic . was given in the 
Latin grammar schools in America. Between the years 1814 and 1828 
arithmetic, algebra, geometry, and trigonometry were introduced 
into the Public Latin School of Boston. Mathematics also found a 
place in the curriculum of the academies. Franklin's academy at 
Philadelphia, in 1751, had three separate departments: the Latin 
' . 
School, the English school, and the Mathematical School. Wben the 
high school movement began in the . United States mathematics was al-
ready firmly established in the secondary school progr~1. The first 
high school in the United States, the English Class::l.cal School, was 
established in Boston in 1821, and included in its program of stud-
ies algebra, geometry, arithmetic, trigonometry, navigation, survey-
ing, and mensuration. The Massachusetts act of 1827, the first high 
school law in America, required that algebra, geometry, and survey-
ing be taught in the high school of every town in the state having 
a population of 500 families or over. With the growth of the high 
school movement during the nineteenth century algebra, geometry, and 
trigonometry became a :r;egular part of the high school curriculum 
throughout the country. 
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Until the nineteenth century those colleges which included 
any ma thematics among their entrance requirements demanded only a 
knowledge of the fundamentals of ari tbmetic. In 1820 Harvard 
College made algebra one of the requi·rements for admission, and 
many other colleges followed this example• Later, the requirements 
were extended to include geometry . By 1875 the colleges throughout 
the country required both algebra and geome try for admission, and 
the majority still include these subjects among their requirements. 
The entrance requirements of the colleges greatly influenced the 
curriculum of the secondary schools so that algebra and geom~try 
were included in the course of studies of the majority of high 
schools . 
A recent study of "The Trend of College Entrance Require-
1 
ments" , covering the period from 1913 to 1922, states that mathe-
matics is required for entrance by practically all of the colleges 
which make any definite requirement at all. Leland Stanford and the 
University of Chicago , which require English only, are the two most 
notable exceptions to this statement. The subjects which normally 
constitute ma thematics are advanced arithmetic, algebra, plane 
geometry , solid geometry, and trigonometry. There has been, how-
ev.er , · a decrease in the amount of mathematics required for entrance 
to c ollege. Practically all colleges still require algebra and plane 
geometry , but solid geometry and trigonometry have almost entirely 
disappeared as entrance requirements. In 1913 one college required 
arithmetic for entrance , but at present no college requires this sub-
ject. 
1see Bibliography No. IV. 
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Almost every secondary school i n the Uni ted States in-
cludes a l gebra and plane geometry in its curriculum, and in many 
schools these subjects are prescribed for the ma jority of the pu-
pils. The following table taken from the Statistical Survey of 
Education , 1921-1922 , shows the number of students i n t he public 
and private high schools of the United States Who were engaged 
i n the study of algebra , geometry, and trigonometry f rom 1890 to 
1922 • 
Students in Certai n Studies in Public and i n 
. 1 Private High Schools Combined. 
1890 1805 1000 1905 1910 I 1915 1922 
Studies Per Per Per Per Per Per Per 
Stud~ts t~fJl Students t~fJf Students t~Jf Students t~:Jl Students t~fJl Students t~faff Students t~fayt 
---- ----------11--- ---~---1·------------------------------
Total number students in schools reporting 
St~d:~·{ii.::·----- - ------------- -~ -- - ----- --- 297,894 -------- 468,446 -------- 630,048 - - -- --- - 786,909 -------- 817,653 -------- 1, 291, 187 - ------ - 2, 335,823 
Latin_-------- ----- ---- - - ----------------- 100,144 33.62 205,006 43. 76 314,856 49. 97 391,067 49.69 405,502 49. 59 503,985 39.03 688,547 
French .. - -- -- ------ - - ------- ~ -- - --- ---- -- - 28,032 9. 41 45,746 9. 77 65, 684 10. 43 89,777 11. 40 95,671 11. 70 136, 131 10. 54 391,481 
German ____ ___ __ _______ __________ _________ 34,208 11. 48 58,921 12. 58 94,873 15. 06 160, 066 20.34 192,933 23. 60 312,358 24. 10 19,643 
Spanish __ ___ __ ____ ___ ____ ___ __ ___ ___ __ __ __ ------ ------------ ---- --- --- ------------- ------------- - --- -- ---------- -- 5, 283 . 65 35,148 2. 72 263,834 
Greek _______ ___ ____ __ ______ ____ __________ _ 12,869 4.32 22,159 4.73 24,869 3.95 17, 158 2. 18 10,739 1.31 10,671 . 83 7,978 
....Ugebra__ __ ____ ____ __ ________ __ ____ __ ____ _ 127,397 42.77 24Q. 465 52. 40 847,013 55. 08 444, 092 56.43 465,375 56.92 636,016 49. 26 949,161 
-GeometrY----- ----- -- ---- -- ---· -·-- --- ---- 59,781 20 .. 07 114,813 24.51 108,518 26.75 219,083 27. 84 252,404 30.87 346; 064 26. 80 537,087 
-TrigonometrY---- - -- -- - ---- - -------- - -- --- --- - -- -- -- - --- -- -- 15,243 3. 25 15, 268 2. 42 17, 256 2.19 17,864 2. 18 22,478 1. 74 38,809 
AstronomY------ ----- ----- ------ - - --- ----- -- --- ---- - - --- ---- 24,690 5. 27 21,595 3. 43 13, 507 1. 71 7, 216 . 88 5, 767 . 45 2, 319 
Physics __ ___________ _________ _____ ________ 63,644 21.36 103,768 22.15 118,936 18.88 123,282 15. 66 120,910 14. 79 184,426 14. 28 213,237 
Chemistry------ -- ----- --- --- - -- -- - - - -- - -- 28,665 9. 62 43,607 9. 31 50,431 8. 00 55,414 7. 04 58,290 7. 13 98,516 7. 63 176, 761 
Physicalgeography. ·- -- ----- ------ --- -- -- - ------ - - - ________ 105,124 22.44 144,135 22. 88 165, 631 21.05 156,500 19. 14 189,229 14.66 104,797 
Zoology----------------- - ----- --- -- --- ---- ------- -- - ____ __ __ - --- - ----- ---- ---- --- - - - - --- -------- -------- -- -------- 64, 428 7. 88 41,893 3. 24 35, 458 
~?;~~~~~===== ======= ==== ==== = == === ===:=: =:::::::=: ===::=:= ========:: :::::::: ::::====== ::::==== ===::::::: =::::::= - -~~~~:- --~~~~- 1~;~~ ~: ~~ i:~;~ Geology _____ _______ _____ _____ _____ ________ ------ ---- ___ _____ 25,866 5. 52 25,300 4. 02 20,596 2. 62 11,251 1. 38 7, 590 . 59 4, 142 
Ph~iology ____ __ ______ ___ ___ __ ___ _______ ___ - - --- -- - -- ________ 131,304 28. 03 169,844 26.96 171,850 21.84 128,826 15. 76 128,343 9. 94 122,277 
Hygiene a.nd.sanJtatiOn __ - - -- ------- - ----- - ----- - - -- - -- - - --- -- - ----- - - ------ - - --- --- - -- - ----- --- ---------- --- --- - - _____ ___ _ : - - --- - -- -- -- -- --- - - -- --- -- 142,859 
General science. ___ ------- __ _ - -- ------- --- -- -------- -- ------ ------- --- -------- - - ------ -- -------- - ------ --- - -- ---- - -- ------ -- -- --- - -- - -- - -- -- - _ -------- 413, 466 
Psychology-- --- -------- -- ----- ---- -----------·----- -_ _______ 15,677 3. 35 20,126 3. 19 14, 540 1. 84 11,004 1. 35 18,521 1. 43 22, 953 
Principlesofteaching _______ __ __ ___ ____ ___ ------ -- --- ------ - -- - - -- -- ------------------- ---------------- - -- ------------- ----- ----- - --------- --- ---- - - - - 21,689 
Rhe~riC-- --- ------------ -- - - -- ------ ----- - - -- ----- - --- ----- 146,672 31. 31 237,502 37.70 372,266 47. 30 462,711 56. 59 718,075 55. 61 }1 857 316 Englishllterature __ __ __ ______ ____ __ ____ ___ ---- ---- -- -- -- ---- ----- - ---------- - - 259,493 41.19 378,819 48.14 466,477 57. 05 724,018 56.07 • • 
American history _________ __ _____ _____ ___ _ } { 359 057 
English.hi;story_________ ____ ________ ______ 82,909 27. 83 162,336 34.65 238,184 37.80 318,775 40. 50 455,200 55.67 684,478 5146 74,7S6 
Anmentbistory ---- -- -- - - ------ ----------- · 413,014 
Medievala.nd modem history __ - ___ .-_.-.. 361, 641 
~·\\\\\\\ \\\\ :•:\\:::~: ::::::•:•• •••••••\ •••••--~- •••-••:• --·~~~- .-"_~. _:·~·~· -•"\~• _-·~~· --·~~ ·~~~· ··~·~·} i m 
1 See Bibliography No . III (p. 25) 
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This t able shows that from 1895 to 1915 about one half 
of all students in secondary schools studied a l gebra and one 
fourth studied geometry . From 1915 to 1922 there has been a 
de cree.se in the percentage of pupils engaged in the study of 
rna ther!lg_tics. The number of algebra students has decreased 
from fifty per cent of a ll students to forty per cent, and 
the number of geometry students from thirty per cent to 
t wenty...:three per cent . However, the decrease in the enroll-
ment in mathematics is not greater than that in La tin, Greek 
and German. A large part of the decrease is probably due to 
the introduction of new subjects into the curriculum, and to 
the fact that pupils preparing for business now ge t the i r 
tra ining in high schools which were formerly devoted chiefly 
to t h ose preparing for c·ollege . 
At the beginning of the present century ari th.J;.1etic was 
generally taught in the first eight school years , and courses in 
algebra and plane geometry were given in the high schools and 
5 
were prescribed for most students. Some secondary schools also 
included solid geometry and trigonometry in t heir curriculum. Re-
cently there has been a tendency to reduce the amount of arithmetic 
taught by el i minating technical commercial and artificial problems 
and unnecessary calculation, and to adapt t he work in arithmetic 
to the mental powers of the child. 
A course in general ma thematics is offered in many junior 
high schools ·and in the n i nth grades of many senior high schools. 
The course in general mat hematics is generally prescribed for all 
students; but the higher courses" in rna thenii::t tics are e l ective for 
all students , except those who are preparing for higher insti-
tutions which demand these courses for entrance , or for vocations 
which require the us e of higher mathematics . 
During the l as t twenty-five years there has been a marked 
advancement-in secondary mathematics. Much relatively valueless 
material in a rithmetic and algebra have been el i minated. New 
topics have been introduced; numerical trigonometry is taught 
in connection with the work in elementary algebra; the material 
in ge ometry has been reduced and less time is given to the 
l earning and reproduction of propositions. 
6 
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III. VALUE OF SECONDARY SCHOOL MATHE~ffiTICS . 
The usefulness of mathematics in modern civilization is read-
ily acknowledged. It holds an important place in modern inventions, 
' 
in scientific work , in business, and in many vocations. The practi-
cal value of mathematics to the average citizen is derived from the 
many uses of the formula and the equation; the ability to understand 
and interpret graphs; the familiarity with geometric forms which are 
common in industry; the idea of the. relationship between quanti ties · 
and of the dependence of one quantity upon another. 
A knowledge of mathematics is a necessary preparation for 
msny vocations. Engineers, architects, accountants, and scientists 
cannot advance very far without mathematical training. Mathematics 
is of practical value in certain trades. Machinists , plumbers, sheet-
metal workers , navigators, and electricians all have a limited use 
for mathematics. 
The position of mathematics in the secondary school program 
has for a long time been justified because of the disciplinary value 
claimed for the subject. ~e extreme position fo'rmerly held by psy-
chologists that ability to reason well in mathematics would necess-
arily imply skill in reasoning in any field of knowledge has been 
abandoned . However, it is agreed that some transfer of training 
is possible. The training in analyzing problems in mathematics will 
aid the pupils in the analysis of situations whi ch they meet in every-
day life. The power of generalization and of applying general laws 
to specific cases, which is obtained from the study of mathematics, 
is valuable training for the pupils. The study of mathematics devel-
ops the power to concentrate, the desire for accuracy and precision, 
the ability to organize, and the desire to understand. 
• 
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Mathematics is also of cultural value to the secondary 
school pupils. It is one of the substantial factors in the develop-
ment of civilization. It is as necessary to culture as a knowledge 
of history and literature. Its value as a developer of the think-
ing processes should be brought home to the students. They should 
understand its i mportance in the development of society. The limited 
amount of mathematics taught pupils in the secondary schools is 
necessary to a rounding out of ~heir education and training in 
this part of their student life • 
.. - - --- - - -
• 
ORGANIZATION OF THE SUBJECT MATTER 
In the United State s , at present , the secondary school 
period is generally con sider ed to te g i n with the seventh grade 
and to extend through the twelfth. This secondary school 
period is subdivided into the junior high school ~riod, 
including grades seven, eight and nine, and the senior h igh 
school i ncluding the remaining three ye ar s. In some sections 
of the country the schoolya re still under the older form of 
organiza tion, in which the first e ight ye ars comprise the 
element a ry sch ool pe riod and the next ffour the high school 
period. However, since the movement is wide spread and developing 
rapidly to con sider the first six years the elementary period 
and the next six years tre second .9ry period, and to divide 
t he second~ry school into the junior high sch ool and the senior 
h i gh sch ool , I shall co nsider the mg.thema tics of t he secondary 
s ch ool under t hese two divisions. 
The most important function of the junior h i gh sch ool is 
to enable the p1.1pils to discover t heir ovm ab ilities and 
limi tations,their interest s and dist astes, and t h eir pmvers 
and weaknesses . The courses in ma t hema tics in the junior h igh 
school sh ould therefore be or ganized i n such a manner a s to 
disclose to t he pupils their mathematical ability or l ack of. 
it, so tha t t hey may be guided in their cho J ce of l ater work . 
The junior high school sh ould also give such_ ins truction and 
tr8_i n i ng in rna thematics as may prove useful to the average 
intelli gent citizen. In the jQDior high s~hoo~he young 
people are expected to find themselves . They sh ould receive 
g 
• 
an introduction t o rna thematics which will enable them 
to decide whether or not they are fitted to c en tinue work in 
this field , and which will also g i ve them a ge nera l view of 
the nature and purpose of ma thematics . Th ose wh o are i n t erested 
in the study and organiza tion of courses in math1ID!latics in the 
second , ry schools generally a gree that t h e tr 8ditional method 
of dividing mathema tics into arithmetic , algebra, and 
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geometry , and the pr.'" ctice of tea ch ing arithmet ic only in g rades 
xeven and eight , al gebra in gr qde nine , and demonstr s_ti ve 
ge ometry in g r 2.de ten should be dis continue d . The three ye 9_rs 
1.Vork in mathem ~=~ .tics in the junior h i gh sch ool should be regard-
ed as a unit . They s h ou l d i n clude those parts of arithmetic , 
a l gebra , geometry , and tri gonometry which will be mos t useful 
to t he a verage i n div :i.dual in l q ter life, whe ther or not he con-
tinues h is study, and which are within the rang e of h is under-
standing and int erests • . The various pa rts of elementary 
rna thema tics sh ould be co r rel ,J_ted n atural ly in the junior h igh 
sch ool. Intuitive g eometry should be i ntroduced; the use of 
t he for mula in t h is geometry s h ould form the basis for the 
introduction of algebra; simple work in elementary tri g onometry 
may b e taught in :connection with tb e work in algebra; ari t h rnetic . 
should be continued by applic a tion to the wo r k in intuitive 
ge om etry and to the affairs of e v e r y- day life. 
The followi ng plan might be tal~ en as a bH sis for the topics 
to be taught i n '·'the junior hi@:l sc hool and for the arrangement of 
these t o pics according to y ears. The first half of the seventh 
• 
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grade might be devoted to tre ari t b me ti c of the home, the f a rm, 
the bank , tbe stor e , · and of i ndustry. In connect i on with the 
home , problems in ~ceeping far1ily and personal accounts , budget-
ing a fanily i ncome , and fi guri n g out bills for provi sions and 
c lothe s, sh ould b e co nside red. The arithmetic of t.iLe f a rm should 
include the ke epi:l g of accounts and r e cords , the problems of the 
dairy , crop s, and seeds. Under the arithmetic of the b a nk are 
problems in ' i n terest , the use of che cks, bank discount and 
promissory notes. T'ne arithme tic of the s tore i n cludes bills , 
invo i ces, discoun ts , ani ch.arge accounts. Ther e are special 
p roblems wh ich are e n count e red in almost evc; ry indust ry which 
should be considered in the mathematics of the juniDr hi gh sch ool. 
Al l these pr ob lems afford opportunity for drill in the fundamental 
pro cess es of ari t:b..me 1tic. The t .,y·pe of prob l em which · is tak en up 
should be det er mined to a large ext ent by the interest s of the 
pupils and the communi t y in which they live. 
Following t h i s course in ari thm,~t ic may be a course in in-
tuitiv e geometry . The intuitive geometry taught in the second 
half of the seve nth grade s hould i nclude geometry of size , of 
form , "'nd of position. The l engt h s, areas , and volumes , of 
g eo metric figures sh ould be studi ed and practice given in · the 
use of the formulas for e a ch. The pupil should bec ome familiar 
with the V<J ri ous pla ne and solid figures ; sh ould l earn how to 
perform simp le cons tru cti ons , and should h a ve pr a ctice in 
drawing to scale. Pr ob lems in the determina tion of distances 
and indirect measurement also form n. part of t h e work in 
intuitive geometry for the l n.st hal:~:' of the seven th grade . 
• ..., 
• 
Algebra should be introduced in the eighth. grade • .'r:b...e 
formula and the graph sh ould form the b a sis of this work • 
Formul s. s are met with in industry , business, and t he home. The 
pupils s h ould lea rn how to evaluate, s i mplif'y , and transform 
formub.s. This work with ·formul a s will l ead to the solution of 
equa tions . Equations should be i n troduced by means of prob lems 
so that the pupils may see their value . 'l,he study of graphs 
and g r aphic represent " tion of da t a is an important part of the 
work in e l gebra . 
interpret graphs. 
also be taken up. 
The pu pils need t o know h ow to make and 
The g r a ph ic method of solvi ng problems s hould 
The fundamental oper r'l. tions of algebra , t he 
use of ne ga tive nu."n.bers, en d tbe simple c ~ ses of fac toring, 
shoul d be co n sidered. The first half of the e ighth gr ade may 
be devoted to this work. 
·I re remr-dnde r of the ei ghth gr a de may be given to ·the study 
of applie d arithme tic. This course in arithmet ic might be 
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organized so a s to c 0rrelate with other sch ool subject s , or it might 
consider the ar ithmet ic which is rela ted t o the comnercial,industrial 
and social needs of our country. 
In · the ninth grade the study of algebr a should be con t inued, 
and numerical tri gonometry and demonstrative geome try should be 
introduced. The algebra shoul d be given a more t h orough trea t -
ment than in tbe e ighth grade. The use of logarithms and the 
slide rule may be taken up. The numerica.l t _!'.igon:ometry sh of:tld 
define the trig onometric functions, show their use in solving 
problems involving right trian gles, and t e ach the use of tables. 
13 
rrh e demonstrative .geometry shoul·d show tlre natur~ of the deductive 
proof. A few propogitions should be selected for formal proof 
• to show what demonstration means and to show the beautie s of rigid 
proof. 
• 
The topics mentio ned in this out line are the most 
important problems whi ch should be . taught during this period. 
Other problems which are of interest to the community may a l:s.o 
be taken up. The arrangement of the material according to years 
may vary. It is difficult to determine the most satisfactory 
method of arranging the courses because the junior high school 
is still in the pr ocess of development. Many sch ools ar e now 
working out pla ns for the organization of the nn terial ani others 
have already developed satisfactory plans. The University High 
School of Chicago, Illinois, has devel oped a course in mathematics 
for the first ye ar of the Junior High School period which h 8. s many 
commendable features. This course aims to contribute in a practical 
way to the pupil 1 s liberal education, and is a combina tion of 
arithme tic, al gebra and geometry. 
"rrhe -: fi rst course in s.e condary mathematics should contribute 
to the pupil's liberal education in which the study of certain 
phases of mathematics dexerves an important place. Modern thought 
and enterprise are ste adily increas ing in mathematical precision, 
'" s is apparent iry~be statistical aspects of tre biological, social, 
and psychologica{ sciences. To understand moderm civiliza tion 
in many of its aspe cts one must be able to apprecia te its 
precise quant it a tive character. One must be ab le to read 
intelli gently quantitative accounts of modern enterprises. 
• 
Familiarity with modern methods of measurement and skill in 
quantitative thinking are essential. The first course should 
prepare the pupil to underst gnd discussions of the 
quant itati ~re a spec t s of contemporary civilization. It should · 
contribute to his mental tr s. ining by developing mathematical 
methods of thought , by tea ching him to t h ink a ccur a tely and 
quan t itatively, by helping him·. to acquire effective habits of 
study a s a pplied in math ematical situations. It must b e a 
genera l course, bringing in the common fundamental elements of 
all vocationa l mathematics , as well as the fundamenta l elements 
of future g eneral courses in seconda ry mathematics. It should 
g i ve the pupil a first outlook over the field of mathemati cs 
an d reveal to him his interests , aP titudes, and inabilities. 
It s h ould assis t him to decide whether he w il~ontinue to study 
further general courses or take up voca tional courses in whiCh 
mathematics is needed as a tool. The first @eheral course should 
be r equired of all pupils whether they continue the study of 
I 
mathematics or not." In this course which combine s arithmetic , 
algebra and geometrtc quantitative rela tions are studied in 
thr ee ways: uarithmetically, in tabula r representation and 
e valuation , algebr a ically, in formul a s and equat ions; and 
ge ometrically, in measurement of length and are a and in graphs. " 
The equipment ne cess o.ry for e 8.Ch pupil taking the;6ourse is a 
~~·notebook conta ining unruled and squa red pap3 r, a ruler, 
1 
protr :l ctor, comp <J ss, pencil, eraser, and textbook. 11 -
1 see Bibliography No. XX (pp. 162-163) 
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Geometry forms the basis . of the course . The course is 
organized under the following units of instruction: 
"I . The conception of l i ne - segments. 
II. Formula repres entation of nmnerical fac t s.Equations. 
III . The conception of angle . 
IV. Indire ct measurements . 
V. The circle . 
VI~ Formulas and equations . 
VII. Areas of r e ctangl e s and squares. Iviul tiplications 
of polynomials. 
Square root . 
1 
VIII.Areas of quadrilaterals , triangle s, artd circles ." 
The first m1it deve lo ps the conception of line-segments by 
drawing and measuring, introducing some a lgebra ic notation and 
equat i ons. The second unit su~mari zes and extends this knowl edge 
of a l gebra . After the study of l i ne - s egments, t he angle , a figure 
f ormed by t wo lines , naturally suggests itself as the third unit. 
I n the fourth unit knowledge . gained previ ously as t o line - segments 
and angl es is us ed in solving, by means of triangl es , problems 
dealing with distances . The propertie s and measurements of t h e 
circle are pre sented in Unit V. This is followed by a se cond re -
view and extension of algebra in Uni t VI , in which t he pupil gets· 
an abundance of quantitative experience s t hrough applica tions 
taken from source s other than geome try- - for example , from 
corr@er cial and industrial fields . This brings in a great deal of 
formu l a work and arithmetical computation. Units VI I and VIII 
deal with ar ea s and quadratic functi ons and with some of the 
f undamental operations of algebra , using literal numbers only 
and no negative numbers. The study o f operations with signed 
1 See Bibliography , No . XX ( PG . 169) 
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. I . 
numbers is postponed to the second course. · In t h is course the 
pupils receive constant training in the &.undamental processes 
o f a.r i thmeti c. 
"In algebra the pupil attains mattery of the formula and 
t he linear equ ation in one unknown ; tre processes of addit i on, 
subtr.g_ct :i.on , and multiplication of polynomia~ls; the gra!)h; 
the solution of simple quadratic ~qu ·ctions; and t"he me thod of 
derivinglquations fom verbal problems . He is prepared to study 
the operations with positive and negative numbers. It ~ quite 
possible for him to complete in Gr a des, VII, VIII, and IX the 
one and one•half units of algebra required by the colleges. 
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"In geometry he becorres famili ar with the fundamental 
con cepts and f act s. He re a ches the point \"ihe re he sees the 
meaning, value, and nee d of the <ffi.em01nstrative proof . In another 
year 1 s time he can e asily complete the study of demonstra tive 
geome try togeth er with a considerable amount of solid geornetry. 111 
Emphasis is pl ~ ced on the social value of the subject, its 
usefulness in daily life, and the unders tanding and interest 
developed ·through the con creteness and pedagogical arrangement 
of the rna terial. 
The Junior High School in Newton, Mass. , has worked out a 
ery satisfactory program in mathematics for grades seven , eight, 
~d nine. The aim in the organization of this course is to t e ach 
the pupils applied rna thema tics and to give them the opportunity 
to apply the principles which they learn. In the seventh grade 
the work begins with the introduction of geometric forms and 
principles worked into the problem of making to scale a drawin g 
1 see Bibliography No. XX (p. 175) 
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of a park . The drawing of the di agram f ake s i n simple ge ometr ic 
-constructions such as erecting a perpendicular, bisect i ng lines 
and angl es , and construc ting t riangl e s and hexagons. In connection 
with this work , computation of perimeters and areas of squares, 
triangl es , and circles is taught. The importance of est imating 
and checking is emphas ized in al l computational work . The 
pos ition of the de cimal pchint is fixed by the use of t he estimat e 
i nstead of the mechanical me thod formerly us ed . The rulers which 
the pupils use are divided int o inches and tenths so tha t they 
l earn to use the decimal fr a ction in measurement and computation. 
The work in the drawing to scale serves as an' introduction 
to the subject of graphs and of ratios . Health work is used as 
the bas is for graph material . The pupils make bar graphs to 
sho·w the per cent of the class which is of normal we i ght , the per 
cent overwe ight, and the per cent under normal . This work also 
brings in the subject of percent age. The pupils use line graphs 
for t he ir individual we i ght charts and circular graphs serve 
as an introduction to the study of angles . The study of angles 
gi ves material for simple problems with which to begin the study 
of t he use of the equation. The work in percentage is continued 
along ~ith the work in equations. 
In Newton t he greatest varia tion is made i n the seventh 
grade be caus e , in passing on to a new school , the pupils are 
looking forward to new materials and new me thods. 
' 
• 
• 
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11 Tbe eighth grade begins vvi th l a.boratory work such as pacing 
and measuring distances on the sch ool grounds, l ocating points 
by triangles, fi n ding buried treasure , measuring: inaccessibl~ 
distances by means of the 3,4,5 right trian gle, by t:te equilc..teral 
triangle , and by the paral l e logram. Incidental to all this is the 
class and home work in drawin g to scale the figures resulting 
fro m their measurements , a nd mak in g use in more complex form o-f ,, the 
ge ometric prin ciples learned in grade seven. Then comes the 
computing of! results which mean more work with equa tions , for 
instance i n the formula a2 4- b2 = h2 which means tre study of 
square root, by the common sense method of est i mA.t e and average. 
In this conne ction ihey make the auquaintance of approximate values an 
learn the difference between me a sured ar.d counted numbers , and nllch 
concern i n g triangles and q))arallelo grams 1!1 Drill in ari tr..metic 
prin ciple s is obtained by applic a tion to n evi work . Si mple 
busin ess pr i nciples are also taught in the ei ghth grade. 
At the end of the eighth year the pupils ha ve a real f ounda-
tion in algebra and g e ometry and are ready f~· a more syst em a tic 
~tudy of these subjects. Problems are u sed to i ntroduce each 
princ iple of algebra . The ni:q::i:1h gr ade algebra be g i ns w ith problems 
whi ch involve tbe use d):fl f ormulas. Tben problems wh ich lead to 
simple equations are introduced, each new prin ciple involved in 
the solution of equa tions being introduced by a p!lob lem which 
r e quire s this type of equ ·,tion , f or its solution. Bi na lly after 
1 
See Bibliography No. XIV. 
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each diffe rent principle h qs be en taught and is und erstood by 
the pupils, the steps involved in the sciLution of equations 
are summed up in five rules. 
The me"$hod of solving problems is made as s impl e as p ossible 
by te 0ch i ng the pupils to list the qu antities mentione d in the 
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prob lem and then to represent tre se quanti ties in terms. of a l~tter. 
S imultaneous linear equations are take n unf\nd afford the me ans ~; of 
t h e n e cess e.ry drill in a dd ition and subtr R.ction. In t r.e s:ll.ution 
of t..~e quadratic equ, t ion the pupils ge t tre multiplica tion, 
division and f n.ctoring whcih they n eed. The work in trigonometry 
is confined to pr a ctical problems, many of which the y c an check 
by a ctu'" l me a surement. After the pupils h~ve le ,grned a r.d made use of 
many geometric f a cts, tbe ~nd the course with a little wor:k in 
demonstra tive geometry. 
The course in Newton is an excellent one because it makes 
the pupils feel t he i mportance, the usefulness , and the :rrn gic of 
math ematics . It k eeps constantly b efore them the connection 
be t ween ma t h ema tics and their every day l ives. Tt enco ~ rages them 
II I' to understand the why' of wha t trey are doin g . It. malce x them 
feel the nec e ssity for a ma thematical tool before they are drill e a 
in its manipula tion; and it mak es mathema tics a live subject to them 
by g ivin g t..~em opportunities to enjoy it in actual use • 
The courses in rna t h e rna tics in the junior high school should be 
required of all students. College entrance requir ements sh ould h 8ve 
no i n fluence in deter mining the rna thematics for gra des seven, eight , 
and nine. The p urpose of th e course sh ould b e to give 11 e a ch pupil 
the most v a luabJe mathematical train ing he is capable of receiving 
I .. 
in those years, with little reference to cour ses which he may or 
may n ot take in succeeding years. 11 If the cours e is planne d in 
a ccordance with this princ ipl e, there is no conflict of interest 
auring this period be tween those pupils who ult i rm tely go to 
colle ge and t h ose who do not. The a mount of time wh ich, in the 
past h fl s been devoted to ·the s tudy of arithme tic as a dis tinct 
subject s h ould be reduced. This should be accomplished by 
eliminating, during this period, the arithmetic of special a nd 
unusual occup ations and obso l ete processes, such as fi r: di ng tre 
gre atest common divi so r ani l east conmon multiple of lar g e 
numb e rs. Tbe work ~:tn a ri tbmetic sh ould be 11dapted t o the me ntal 
pmvers of the ch ild . In the junior high sch ool the pupil s h ould 
a cqu i r e t he power to calcul 8 te within the limi t s of the needs of 
t h e well-informe d citi zen. Pr ob lems s h ould be i n troduced which 
sl ow $h e n ;,ed and applica tion of co mpu tation, and '.'\h i ch i mpar t 
some knowledge of the simple economic problems which t he pu pil 
wlll find i n daily life. 
20 
The purpose of te a ch i ng al gebra in t h is period is to give the 
pupils a g ener a l idea o:Othe meaning of algebra , together with a 
fe vv definite and useful ap plic a tions which everyone i s l ikely t o 
meet. Th e exten de d and l "'r gely useless ma n ipulation of 
p o l y n omi a ls in connection with element ary opera tio ns sh ould be 
elimin8ted. The work in factori ng should be reduc ed to three 
c a ses; common f a ctor s of the terms of a p olynomial, tre difference 
of t wo s quares, and trinomi a ls of the second degree that c an l!re 
• 
f actored by trial. Operations with fractions should be li~ited 
to s i mpl e cases which the pupils are likely to have us e for. 
The formula and t he graph should be the foundation of the work 
i n a lgebra , and numerical trigonome try should be studied in 
connection with a l gebra . 
Concre te geometry should be taught through actual measuring . 
The number of theorems to be proved by demonstration shoul d be 
reduced and the emphasis pl a ced on work in originals. Intuit i ve 
ge ome try should be organ i zed so as to make it a gradu a l approach 
to , and a ~oundation for t he subsequent work , in demonstrative 
ge ome try. 
The junior h igh school should introduce intuit~ve ge ometry , 
make the study of algebra gr ow natural ly out of t he need for the 
fornula in connection v1Ti th this geome try , show that a simple 
fo rm of trigonometry grows out of algebra , and give some notion 
of the significance of a demonstration . It should continue the 
work i n arithme tic as applied to the intuitive ge ometry, as 
related to algebra , and as bearing upon every-day needs. The 
junior hig_h. school should endeavor to discover for the pupils 
whe ther or not they have ma t hematical ability . 
The mathematics cours e s for the j unior h i gh school should 
be required of all pupils , but it is the r e commendat ion of the 
Nationa l Corrrrni ttee on Ma thematical Requirements that t he 
21 
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rna thema tics fer the tenth, eleventh, and twelfth sch0"0J,.,Years 
be elective. Nevertheless, every senior high s ch6ol should .offer 
courses in 'math ematics, ani should encourage the students to take 
them. ' It ·will be necess s ry for those pupils who are pre paring 
for college, or for occupa tions requiring the use of rna thematic s, 
to continue their study in this fie.ldbeyond the work of the 
junior high school. The selection of material for the 
ma thematics cou~ses for tbese three years should be based on the 
follo vvin g prin ciples: 
11 1 . In the years under conside:Pa tion it is proper tha t some 
attention be paid to the students' vocation sl or other later 
edu c a tional needs. 
2. The material for fue se years should in cl u:le as f ar as 
poss ible those mathema;tical ideas and processes that have the most 
i mportant applications in the modern world. As a result, certain 
material will n-'3. turally be included that at present is not 
ordinarily given in secondary school courses; as , for instance, 
the mat erial concerning the calculus. ,...,_ On the other hand, certain 
other ma terial th a t is nov; included i~olle ge entrance requirements 
will be excluded. The resul t s of an investigation made by the 
National Committee in connection with a study of these requi:r'ements 
indicates that modific P,ti on s to meet these changes will be 
des i r able frowthe standpoint of both eollege and secondary 
scho l. 
• 
• 
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fl 3 . Du.ri ng the years now under cons:ideration an increasing 
amount of a ttention should be paid to the logical organization 
of the material , with the purpose of developing habits :S f logical 
memory, appreciation of logical structure , and ability to organize 
material effe ctiyely. 
"It c annot be too strongly emphasized tha t the broadenin g 
of content of high school courses in mathematics suggested in the 
pre sent and in pr 0vious chapters wi ll materially increase t he 
usefulness of these courses in those who pursue them. It is of 
pr i me i mportance that educational administrators and others cha rged 
with the advising of students s h ould take c areful account of this 
fact in estimating the rela tive i mportan ce of mathematica l courses 
and t h eir alterna tives . The number of important applic r-1 tions of 
I 
ma thematics in the a ct ivitie s ofthe world is today very large and 
is increasing at a very rapid r ate. This aspect of the progress 
of civili zation hB.s been noted by all observers who have 
combi ned a knowled ge of mathemP.tics with an alert in t erest in the 
newer developments inbther fields. It was re~ealed in very 
illuminating fash ion during the recent'war by t h e;insistent 
demand for persons with varyin g degrees of rmthematical train ing 
for many war activities of the first mo rre nt. If the same effort 
wer e made in tire of peace to secur>e t he highest level of 
e fficiency available for the specific tasks of modern life , the 
demand for t h ese train ed in ma thematics would be no less ins is t ent; 
for it is in no wise true that the applic s.tions of ma thema tics 
• 
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in modern warfare are relatively more important or more nume rous 
than its applications in those fields of human endeavor whi ch are 
of a constructive n Gtu re. 
fl Tnere is another important point to be kept in mi..n.d in 
considering the relat ive value to the average student of 
ma thematical and varioua alterna tive courses. If the student 
'.'Tho omits t he mathemat ical yourses has need of them l " ter, i t is 
a l most invariably more difficult, and ~tis frequently impossible, 
for him to obtain the tr a ining in vh ich he i s defici ent. In the 
C§Se of a considera b l e number of alternativ e su.b jects a proner 
amount of r eading in spare hours a t a more m!J,ture ·age wi1r~ 
ordl.ir.l3_rily turnish him the approxima te equivalent to that 'Wl"hd eh 
hE0vou ld h a ve obta i ned in the way of information in a hi~ sch ool 
course in the sarne subject. It is not, ho wever, poss i ble 
to make up deficiencies in rna t h ema ti ca1 tra i ning in so simple a 
fash ion. I t require s s ystema tic work unde r a compe tent teacher 
to master pr ope rly t re techni0 ue of the subje ct, and any break 
i n the conti nuity of the wo rk is a handicap for vJ.h ich i nc reased 
ma t uri ty r are l y co mpens -:J.tes. More o ''ver, when)the individual 
d i scovers h is n ee d for fV.rt her ma t h ematical tra i n i ng i t is uxually 
diffi cu lt for h i m to tak e the time from h is othe r act i vities 
f' · t t• k · 1 t t l ..... ~ nl _o r sys ema lC Worr l n e eme n a r y ma ~ema~ lCS • 
For the elective courses in the se n ior h i gh s chool, the 
follo w:in g p l an mi @l t be a dopted. In the tenth year addit i on al 
1see Bibliography No. VI (pp. 32-34) 
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\:fork in a l gebra,- includin g v a rious metho ds of solving quadratic 
equ ations , problems i n vari.a tion , solution of 11:near equations 
in t wo or three unknO\~ms, exponents, r adica ls, and loe;ari thms , 
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8.r i thm eti c a nd geometric progre ss ions , and the _b inomial theorem 
could be tak en up. A course in' )p lane geqrne try wh ich is so arranged 
that it will de ve lop the unde rst anding of. a nd the abil ity to use 
t he deduct i ve me t h od of pro of may al so be give n. This cou:cse 
s houl d i n cl1.1de the bas a l pro pos it i o n s and their applic s.t ions . 
The text-book used s houl d be me wi th incompl e te demonstra tion 
i n order t..hat mere memorization is impossible. · Tbe tra ining i n 
ind epe ndent d emons t r a tion sh~uld c ome from the solution of 
ori gi nals , and t h is mu s t be· made t he a im of ;· the cour•se. Along 
wi th the work in pl ane geometry, t l.B re s hould b e g iven a t 
opportune t h imes the rela ted no tions of solid ge ometry in order 
that the l ear ner 's mind may not be unne ces s e.rily restr ic ted to 
a geome tric world of t v'JO dimens ion s. Such an arra ngement vvill 
a lso g ive the preliminary exercises in tbe development o f the 
t hree dimensur•i a :J;Spa ce per ce ption . There is no recess i t y for 
t eachi ng solid geometry a s a sepa r s te ·_ subject in the h i gh school 
and the tendency of a number of h i gh sch ools i s to elimin8_te 
solid geometry as a sepHr r:. t e subj e ct. , Its elimi n::t tion c an be 
ei'f'e c ted without t ·'1e loss of' its thre e main aims, t h e Elevelopmen t 
of sp a ce pe rce ption, the extensive work in mensuration, and t he 
tre a tment of i n commensur .qbJ.es and l i mits. The first of these 
can be tak en c are of i n the course in plane ge ometry. 
• 
• 
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More extended prrJ ctice in the development of space :pe rception , 
t.he extensive \ivork in mensur G.tion, and the tre a trre nt of 
incommensurables and limits can be presented in a mor e s at isfactory 
manner in a course in elementary c a lculus adapted for use in ' the 
sen ior high school. Algebra and demonstrative geometry should 
constitute the two main courses in mathematics in the tenth 
school year . With the propaedeutic courses in mathematic_s in the 
junior h i gh school as a founda tion , a half of a school year should 
be sufficient for each subjeet. 
The first half of the eleventh school year may be devoted to 
elementa ry statistics ar:d descriptive geometry. A c ourse in 
elementary statistics would be valuable to the pupils in their 
general re ading. It would enable them to compre hend more 
readily the infor mation contained in statistical charts that are 
found so frequently in current articles . Statistics should be 
more general l y taught in the senior h i gh schools be cause an 
understan ding of t he ir i nterpret <J.t ion is needed in every-d ay life . 
This course s hould i n clude t h e meaning and use of funcb_mental 
con cepts and simple freque ncy distributions , with graphic 
representations of various kinds, and :treasures o f central 
tendency . A course in descriptive geometry will aid the pupils 
in extendi ng their knowle dge concerni.ng the properties of sol ids • 
It will a lso develop their skill in dra1;ving in pers pective and 
t h irS kind of drawing is . used a great deal in future work . A co1r se 
in tr igonometry , in addition to t he nume rical trigonometry g iven in 
• 
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the junior h i gh school , may be talre n up in the sec m d hal f of 
t h e eleventh y ear . This course should i n elude a co n siderable 
amount of gr aph work . The graphic method .of f i ndin g the r.1axima 
and mtnima of qu anti ti e s should be emphasized. The 1 og ari t hmic 
solution of right and oblique tri angles and too d eriva t ion of 
the fun damental reJations between the functions , and their use in 
proving identities and in solving easy trigonome t ric equations 
s h ould be studied. 
In the t welfth sch ool year an i n troductory course i n 
elemen t ary calculus may be gi ven . Elementary calculus is 
i nterest jng, not too di f ficult , and leads to work h 8v i ng ap-
plications . Calculus i s the most v aluable bran ch of ma t hematics 
t ha t is used in making investigations in scientifi c and 
tec1Lnica:(fields . · A l a r ge part of t h e work in science , engineer-
ing , and i n dus try demands the use of calculus . While the 
k nowledge i mparted in a;halculus cours e · i n sen ior h i gh sch ool 
does not equip the pupi ls to make any present prRctical use 
of the subj ect , it does give them valuable trai ning ~h ich will 
enable t h envto utilize it in the field in which t1:1e y inte nd to 
s pe ci~lize l a t er . The calculus inthe senior h igh sc~ool sh ould 
consist of tbe diffe ren tiation and i ntegr ation of the4 :imple 
a l gebrai c, exponent i al , and trigon orne tric functio ns , together 
with simple applications to v '1r ious field of en deavor . Calculus 
unifies the rel·, ted m ___ the.ma tics t h '" t m s preceded it since it 
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make s u se of arithmetic, geo me tric , algebraic , and trigonorne tri c 
ideas i ndis criminately as occasi on de mand s . It shows tbat 
pupils the use of many t hi 1gs that they :have studied in the 
preceding branches of mathematics and serves as a practical 
revi eW' of these principles. Calculus is useful t o -t he average 
well-informed citizen i n h is general readin g of scientific 
articles of a popular na t ure . 
The plan just outlined for the arrangement and content of the 
of the mathematical courses for the tenth, eleventh, and twelfth 
school years is only one of several which might be carried out. The 
mathematics courses given in these years will vary with the size of 
the school, the needs of the pupils, and the qualifications of the 
teachers. The National Committee on Mathematical Requirements sug-
gests the four following plans for the organization of t he mathe-
matics courses in the senior high school: 
"PLAN A. 
Tenth year: Plane demonstrative geometry, algebra. 
Eleventh year: Statistics, trigonometry, s?lid ge ometry. 
Twelfth year: The calculus, other elective. 
PLAN B. 
Tenth year: Plane demonstrative geometry, solid geometry • 
Eleventh year: Algebra, trigonometry, statistics. 
Twelfth year: The calculus, other elective. 
• 
PLAN C. 
Tenth year: Plane demonstrative geometry, trigonometry. 
Eleventh year: Solid geometry, algebra, statistics. 
Twelfth year: The calculus, other elective • 
PLAN D. 
Tenth year: Algebra, statistics, trigonometry. 
Eleventh year: Plane and solid geometry. 
Twelfth year: The calculus, other elective."1 
29 
The course of study in mathematics for the tenth grade in 
the Boston Public Schools is largely plane geometry. It also 
includes some numerical trigonometry, and a further study of meas-
urement, computation, and the algebraic equation with its use in 
the solution of geometric problems and in the demonstration of 
theorems. There are three parts to the study of geometry:the under-
standing of the facts, the applications of the facts, and .the logical 
demonstration of certain of the facts. The undE:r stancJ.ing of the 
facts comes :r:trst , <'1-Tld. the demons ta•ation does not begin until the 
pupils have acquired some knowledge of the material about which they 
are to reason. This familiarity with geometric facts is brought about 
by making drawings, measuring them, and studying their properties. 
The purpose of the introductory work is to enable the pupils to under-
stand the facts of geometry and to express them in their own words 
• bef r e beginning the formal demonstration. The preliminary work is 
built upon the geometric work of grades seven, eight, and nine. 
Before the work in formaldemonstration is begun, the nature 
and purpose of the demonstration is explained. The t eacher explains 
lsee Bibliography No. VI (p. 40) 
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to the pupils that up to this time they have accepted facts either 
on the authority of books or of persons who know more than they do, 
or because they h a.ve tested them and found them to be reasonable. 
Thus they h ave two base s for . accepting facts, authority and experi-
ment. Each of these methods is valuable and they will continue to 
use them, but they are now going to . learn a third method. They 
cannot accept everything on the authority of others, nor can they 
test all facts by experiment, because of the impossibility of try-
ing all cases. In demonstra tive geometry they are going to study a 
general method of establishing facts. By the me~hod of demonstra-
tive geometry they are going to prove that if certain facts are true 
about a drawing, other ~·. facts must necessarily be true. 
In the work in demonstrative geometry emphasis is placed both 
upon the facts·, many of which are used for practical purposes, and 
upon the ability to reason and set forth the argurn.ent. 'Whenever 
possible the proof is arranged a s a series of equations because the 
pupils are already acquainted with work with equations. Vrhen it is 
possible to arrange the argmaent in this way the different steps 
are c arried out by algebra ic comput ation, t hat is, by means of addi -
tion , subtractions, multiplication, division, and substitution in-
stead of by the formal statement of axioms. This use of equations 
shows the pupils that algebra l is of real value to them and also 
gives them further tra ining in it. The t he orems prescribed for the 
work in demonstration are those reco@nended by the National Committee. 
The algebra in gr ade ten consists of a review of numerical 
equations in connection with theorems which can be used to furnish 
material for problems; a study of litera l equa tions which arise in 
• 
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the proofs of theorems; simple opera tions with fr a ctions especially 
i n conne ction with the study of proportion; and transformation of 
simple r adica l expressions. 
A brief study of the nume rica l trigonome t ry of t h e f i ght tri~ 
angle is made in connection with similar trian gl e s i n order ~o sup-
pl y r eal and interesting applic ations of ma thematics ; t o provide 
a pr a ctica l k ind of approxima te computa tion; to t each the utility 
of t Bbles and give pra c t ice in the ir use; · and to te a ch r atios a s 
they are generally used in applied ma thematics. 
In this course of study formal demonstration is delayed until 
the pupils have some familiarity with geometric f a cts; r ·elated work 
in comput anllion~ a lgebra, a nd numeric a l trigonometry are t aken up 
with the work in geometry; the number of theor.ems which a re proved 
by formal demonstra tion is considerably less than formerly re quired 
in cour ses in plane geometr y; and by pla cing t he emphasis on the un-
derstanding repetition of f acts from memory is avoided. 
In t he Boston public schools there is no uniform course of s t udy 
in math ematics for the eleventh and twelfth school ye ars. Each high 
school determine s for itself what ma thematics will be given in the 
last t wo ye ars. In t h e Roxbury High School, Boston, which offers 
a normal course, a college prepar ~tory course, a cow~nercial course, 
and a genera l cours e , ma thern F1tics is prescribed in the e leventh and 
t welfth years for students t aking t he college pr epar a tory course 
and is elective for students t aking the normal and gene r a l courses. 
In t h is school the mat h ematics cours e in the e leventh gr ade is 
pl anned t o meet the college entrande requirements in elementa ry al-
gebra a s defined in 1923 by the Commission on College Entrance Re-
• 
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quirements· in Mathematics. The work begins with the meaning, use, 
evaluation, and necessary transformations of simple formul a s in-
volving ideas with which the pupil is f amil i ar, and the deriva tion 
of such formulas from rules expressed in words. _The construction 
and interpreta tion of graphs, the meani ng and use of nega tive num-
bers , linear equa tions in one unknown quantity, simultaneous linear 
equa tions an d problems involving their use are also studied . Ratio 
a nd proportion are taken up a s fr a ctional e quations. The essent i als 
of algebraic technique, exponents and r adicals, a nd numerical trig-
onometry are included in the 'Nork . Some of t h is material has been 
taken alre a dy in the ninth gra de and is reviewed in this year. In 
addition, the ma thematics of the eleventh year includes numeric a l 
and literal quadratic equations in one unknown quantity and problems 
involving their use; the binomial t h eorem for positive integral 
exponents, with applications; arithmeti c and geometric s e ries; si-
multaneaus linear equations in three unknown quantities; simultaneous 
equations, consisting of one quadratic and one linear equation, or 
of t wo qu a drat ic equations; exponents and radica ls; and logar ithms. 
The extent to which e a ch topic is developed i s determi ned by the 
reconwendations of the College Entrance Examination Board a nd the 
National Committee on Mathemat ical Requirements. 
In the Roxbury High School the ma thematics of t h e twelfth year 
is plane and solid geometry . The course is planned in a ccordance 
with the requirements formulated in 1923 by the Colle ge Entrance 
Re quirement Board . By the definition of the requirements in p l ane 
and solid geometry in 1923 the number of theorems which must be 
proved by forma l demonstrat i on wa s lowered so tha t more a ttention 
• 
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may be given to the development of geometrical understanding and 
less time to memorizing. The theorems which a re demonstrated are 
those which are required by the College Entrance Examination Board. 
Work in originals, b a sed on the theore:ns which are demons t rated, 
and a lso on the theorems of which a knowledge of t he content is re .. ~ . 
quired , is t aken up. This work in orig inals is considered an im-
portant part of the course. Much of the work in plane geometry is 
a review of the work of the tenth year so that there is ample time 
for the solid geometry required. 
The Public Latin School , Boston is strictly a college prepara-
tory sch ool. The mathematics of the first half of the eleventh 
year in this school is algebra , a nd of the second half is pla ne 
geome try. Since all t he students are prep , .ring for college the 
requirements of the College Entrance Examination Board de termine 
the content of the courses. The a l gebra i n the eleventh grade is 
partly a review of the wo r k of t he ninth grade and partly adva nced 
work . The work g ive n in ge ometry r e views tha t t aken in t h e t enth 
year and continues the study in a ccorda nce with colle ge entra nce . 
re quirements. This course is require d of a ll pupils. In t he 
twe lfth year a course in trigonometry is g iven in the first half of 
the y ear, and a course in solid ge ometry in t he second half of the 
year. The se courses ar e elective and are p l anned to mee t the colle ge 
entrance r equirements in trigonometry and solid ge ome try. 
The Boston English High School offers commercia l, co l lege 
pre para tory , ,:1nd general a cademic courses. Al l ma thematics courses 
in this school are elective but four y ears of ma thematics a re 
recommended for college and technology students. In this sch ool the 
• 
• 
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mathema tics t au ght in the eleventh school ye ar is solid geometry, 
a r eview of plane and solid geometry, and some algebra. The the orems 
for the solid geometry are taken from the Harvard Syllabus. The 
plane geometry is reviewed with attention to college entrance re-
quirements. Algebra is used in t h is ye ar but little new work is 
t augh~. Trigonometry is studied in t h e t welfth year and a l gebra is 
reviev,red and advanced work is undert aken to prepare for college 
entrance examinations. The success of the mathematics courses in 
English Hi gh School is indicated by the high percentage of students 
who elect ma t hematics and the ve r y high ~verage of ma t hematica l 
competence a t tained by them in their college work. 
The elective course s in n1athema tics in the senior h i gh school 
may include algebra , plane ge ome try, solid geometry, trigonometry, 
sta tistics, and calculus. Th e syllabus in algebra should include 
simple fu_ncti ons of one variable; equations in one unkno~vn; e qua-
tions iri t wo and three unknowns; exponents , radic r1ls, and logari th.rns; 
a rithmetic and geometric progressions; and the binomial theorem. 
Th e pl ane geometry may be organized under the follo wing top ics: 
congruent triangl e s , perpendicular bisectors, bisectors of angles; 
a rcs, angles, a nd ch ords in circles; paralle l lines and par a llelo-
gr ams; sec R.nts and t ~-1ngents to circle s; regular and simil ar fi gures; 
and computation of are a s and lengt hs. The number of theorems se-
lected for demonstra tion in solid geometry should be limited and 
t he emphasis in this course should be placed on t he development of 
f a cility in visualizing spat i a l relations and fi gures, in repre-
s enting such :f:igb.it'es :_: on paper , and in solving mensuration problems. 
Practice should b e given in applying the information acquired to 
• 
• 
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concrete problems. The work in trigonome try should include the 
logaritnJnic solution of right and oblique triangles , graphs of 
trigonometric functions , r a dian measure , and the solution of simple 
trigonometric equations. Drawings to sc a le and the use of t he slide-
rule in computation should be included in the work . The work in 
statistics in the senior high school should be an elementa ry cour·se 
teaching the meaning and use of fundamental c oncepts and simple 
frequency d istributions with graphic represent at ions of various k inds . 
The elective course in c a l culus should give a general notion of 
derivatives with applic a tio ns to easy problems in ra te s and in 
maxima and minima • 
• 
METHODS OF TEACHING MATHEMATICS IN SECONDARY SCEOOLS. 
Besides the problem of the content and arrangement of the 
cou.rses, the problem of the method of teaching is an important 
one in the consideration of secondary school mathematics. The 
traditional school method was based upon the logical arrangement 
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of the subject matter. At present the demand of educators is to ai'-
range the subject matter for economy in learning and for effective 
control of the subject. 
The four factors which are involved in the learning process are: 
(1) Interest; (2) Attent ion; (3) Repetition; (4) Accompanying satis-
faction to foster habit formation. These factors must be considered 
in the problem of method. Any item is more readily learned if its 
bearing and need are definitely recognized. The felt need predispos-
es a.ttention, calls into play accessory mental resources, and in pro-
portion to its strength secures the necessary repetition. As the need 
is met, satisfaction .ensues. All factors thus cooperate to fix in 
place the new item of knowledge. 
The mathematics courses in the secondary school should be pre-
.sented in such a way that the pupils will feel the need of these 
courses, and will derive satisfaction from their mathematical work. 
The mathematical work should be given in connection with the solv-
ing of problems and the executing of projects in fields where the 
pupils already have both knowledge and interest. The study of 
mathematics should be a laboratory course in which the individual 
differences of the pupils could be considered and the effective de-
vices of supervised study be utilized. The minimum of the course 
• 
• 
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might well be cared for in the recitation period, reserving the 
outside work for allied proJects and problems in which the indiv~d­
ual interests and capacities of the pupils are prominent fact<r s . 
The ideas and interests ~hich the pupils already have should be used 
as a medium within which the mathematical conception or process to 
be taught finds a naturals etting, and from which a need to use the 
conception, or process, can as a consequence be easily developed. 
The lecture method, in which the teacher plays the most import-
ant part , setting forth the mathematical principles and expecting the 
pupils to absorb them without any activity on their part , has no 
place in the junior or senior h igh school. Nor has the question and 
answer tyue of recitation , which is merely a test of memory , any 
place in the teaching of secondary mathematics . The pupils must be 
given an opportunity to exercise their initiative and to think inde-
pendently. During the recitation everybody should be mentally act-
ive and interested. 
One method of carrying on the recitation so that every pupil 
i s thinking and is given the opportunity to express his opinion is 
the socialized recitation. In this manner of conducting the period 
the pupils hear the opinions of their fellow pupils and are encour-
aged to express their O\m ideas. The bri§rrter pupils are given the 
opportunity to display initiative and the duller pupils begin to 
question about the matter which all are discussing, and they also 
become encouraged to enter into the discussion • 
The technique of the socialized recitation varies with differ-
ent teachers and for different purposes. The following plan is carried 
out at the University High School, Chicago , Illinois-: -- The subject 
• 
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matter of the course is divided into units which are complete in 
themse~ves, and contain all the material which can be taught to-
gether. The manner in which each unit is presented to the class 
is as follows: 
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11 (1) The teacher endeavors to find out what the pupil's prev-
ious knowledge of a unit is. This serves as a basis for motivation , 
as it is often possible to connect the material in the unit with the 
real life experience of the pupil. 
11 (2) The teacher now presents a brief, expository survey of the 
unit, leading the pupil; . rapidly over the road he is to travel , giving 
him a bird' s eye view of the same. 
"(3) The pupil now works out the details for himself during a 
period of supervised study. 
11 ( 4) After the pupil has gone through the en tire unit and has 
gathered the neces·sary infor•mation regarding the unit , he organizes 
the material obtai_ned as an author would if he were preparing a book 
in outline form. This is done to enable the pupil to get a clear 
conception of the unit and the relation of each part to the whole. 
" ( 5) After g oing through the above steps, the pupil is really 
ready for a recitation. He has gone through the unit, gained know-
ledge and has organized it. He thus has something to recite. At the 
beginning of the recitation period cards are passed out at random to 
the members of the class. On the cards are written the topics for 
discussion. After five minutes , pupils are called on to discuss 
their topic and step up to the front of the room when they make 
their talks• A talk may take five minutes to thirty minutes, depend-
ing upon the extent of the topic discussed. In presenting his topic, 
the pupil actually teaches the class as the teacher would were he dis-
• 
• 
cu s s ing the same. During a recita.tion the pupil is not in-
terrupted by the teacher or ·any other pupil. At the close 
of the recitation the pupils or teacher may question and 
criticize. Thus the recitation is a class procedure with only 
' 
the pupils participating andthe teacher acting as a spectator, 
I 
but ready to step in and settle any dis agreement that might 
arise. No teaching is attemp.ted at this time. · If teaching is · 
needed the recitation should not have been attempted." 1 
Some of the advantages claimed for this type of recitation 
are that it trains the pupils in oral expression; gives a social 
motive to their work; gives training in leadership; initiative, 
courtesy and consideration; lends a play-interest to learning; 
and that it increases the self-reliance and keenness in judgment 
of the pupils. 
In the New Trier Township High School, Kenilworth, Illinois, 
the pupils in the freshman algebra and plane geometry classes have 
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been separated lnto three groups, the slow-moving group, the average 
group, and the accelerated group, in order to adapt the subject mat-
ter and methods to the abilities of the pupils. 
The slow-moving group is composed of a number of boys and 
girls who have usually met failure. The aim with this section 
is to choose subject matter which they are capable of doing and 
to adopt methods of instruction which will give them confidence in 
their ability to do the work. The course in algebra is completed in 
a year by limiting the work to the rudiments of algebra and omitting 
complicated problems. The subject matter taught includes the solut-
ion of simple equations in one and two unknowns; the use of a formula 
1 See Bibliography No. XL (pp.382-383) 
• 
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and its transformation; addition, subtraction, multiplication, 
and division of signed, literal and fractional numbers; square 
root and simplification of radicals; and the solution of quadratic 
equations in one unknown • 
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With the slow-moving group in geometry the work begins with 
simple problems in the handling of geometric tools, and the discov-
ering of geometric relationships. Theorems which are proved by 
demonstration are thos e the proof of vhich is of the direct type. 
Emphasis is placed on original proofs of theorems and exercises, 
and the pupils are taught to work out proofs by analysis. The teach-
er in the slow-moving group must go very slowly and must give re-
peated explanations. 
The acce1erated group in the New Trier Township High School 
was first allowed to take, in addition to the freshman algebra, 
' 
the half year of advanced algebra usually taken in the junior year. 
This practice of permitting advanced algebra has been discontinued, 
however, because the students in this class did not measure up to 
I . 
those who had taken the normal mathematics course. To meet the needs 
of the accelerated group, a great deal of supplementary work is in-
cluded in the course. A great many problems are covered, ~nd all 
possible cases are considered in studying the different topics • . 
This school is very well satisfied with the work done with the 
: slow-moving group, but is not so enthusiastic about the work 
with the accelerated group. It has been decided not to have an 
accelerated group in the future, because it is believed that the 
average group is benefited by the presence of the superior pupils, 
~d also because these pupils can still carry on supplementary 
work in the normal class. 
In the University High School, a method -of conducting the 
mathematics classes in order to meet the needs of the superior as 
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~ well as the slow pupils has been worked out. The plan of gvouping 
the pupils into two divisions, according to their ability, was first 
tried out. With the slow class only, a mastery of the minimum es-
sentials was attempted, while the superior group was given a fuller 
course. This plan was satisfactory with the superior pupils, but 
not with the slow group. Some of the pupils in this group who were 
doing well in other subjects felt it a disgrace to be placed in such -
a sub-division. Others felt that there was no incentive for doing 
their best, because it had been found that they lacked mathematical 
ability. 
This method has been abandoned, and the plan now in use is 
the supervised study period. With supervised study, the slow pupil's 
difficulties come to the attention of the teacher. The needs of the 
slow pupil are recognized, but the bright pupil often feels that he 
is neglected. One of the aims of the supervised study is that each 
pupil Should master the units individually, under the wise direction 
of the teacher. Since the brighter pupil works more rapidly than the 
slower pupil, he reaches the difficult points first, and often calls 
for help from the teacher without trying to master the difficulty 
~ for himself. In the University High School, the superior pupil 
is made to understand that he is able to and expected to find the 
way out of the difficulty, and that it is for his good not to get 
assistance from the teacher or from other pupils. In this way, the 
brighter pupil is kept busy while the other pupils in the class 
approach the difficult place,and have their chance to find the 
• 
solution . Then the class is asked to s t op working and the 
teacher instrU.cts the pupils as a whole . This procedure 
does justice to the best pupils and keeps the class to-
gether. 
It has been found that it is often necessary for the 
bright and rapid pupil to do more work to assimilate a 
mathematical principle than is necessary for the slow but 
c ~reful pupil. 1.'Vhi le the latter works a few problems, try-
ing to understand and remember every step, the former some-
times progresses rapidly but superficially , so that he at -
tains unders·tanding only after having worked a large number 
of problems . Hence , in a list of problems , the superior 
pupil should be expected to solve a larger number and 
some of a more difficult type than those worked by the slower 
pupil. 
Some pupils will, however, because of their ability and 
industry , complete the work on the fundamentals of a unit in 
advance of the class. These pupils are ei ther released for 
work i n another subject, or are assigned supplementary pro-
j ects in connection with their work in mathematics. Thus 
the supervi sed study plan in the University High School meets 
the needs of the slow pupils without neglecting the superior 
pupils . 
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The function of supervised study is to properly direct the 
pupil in his work so that he may develop the best methods of 
attacking problems; that he may avoid wrong methods of reasoning; 
that he may most efficiently employ his time; and that he may even-
tually a cquire a power of skill that will classify him as a finished 
• 
• 
thinker. 
In order to carry out the plan of supervised study, in its 
finest application, the period should be long enough for the pupil 
to do most if not all of his studying in school. To accomplish 
this the period would have to be from ninety minutes to two hours 
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in length, and this would involve an extension of the school day. 
Although better results are obtained with the longer periods, satis-
factory results may be obtained by periods one hour in length. The 
first thirty-five minutes may be devoted to the recitation and as-
sigrunent, and the remaining twenty-five to studying the lesson for 
the next day. With this organization of the period, all of the work 
cannot be accomplished in school. ~natever length the period is, 
it should be divided into three parts: the review, the assignment, 
and the silent study. A period of ninety or one hundred and twenty 
minutes should make home work unnecessar y. 
Supervised study should be introduced as a means of improving 
instruction and facilitating the teaching because it give s t he 
. 
tea cher the opportunity to discover what aspects of t h e woPk need em-
phasis. It makes it possible to clear up individual difficulties, 
and to direct the most economic mode of proceeding with a task. Bad 
habits of study can be checked before they become perman ent,and 
desirgble habits are started and encouraged. It is possi ble, with 
the aid of supervision and the use of texts which contain concrete 
rna terial, and which are s.1 i table for the supervised study period, to 
develop the ability to apply the information to particular situations. 
• 
• 
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The right kind of supervision or social cooperat ion canno t be ex-
pect ed unless t he t eachers s t udy t he problems of horv pupils s t udy , 
and h ow .:they .ou,ght .. t o s t udy . By supervised s t udy t he t eacher dis-
covers t he de t ails of t he s t udent 's ment al processes more fully t han 
under t he usual condi t ions of r e cit a t ion work . Errors are correct ed 
before t hey become fixed , and t he was t e of t ime t hat follows upon 
'confusion is avoided . 
Ano-t her me t hod of t eaching whi ch should be made use of in t he 
improvement of t he t eaching of mat hemat ics is t he Dalt on plan. The 
t hree fundament al principles of t he Dal t on plan are : 
1. Freedom t o work wi -t hout int errupt ion in order t o pursue 
an int eres t and t o develop con cent rat ion. 
2 . Co-oper~tion and int erac t ion of communit y life. 
3. Budge t ing one ' s t ime or propor t ioni ng effort t o a ttairunent. 
There are no class sec t ions in t he Dalt on Plan. Each room is 
a subject laborat ory , equipped with t ables , chairs , and books on 
t he subject for which t he room is t he laboratory . 'rhe school year 
consis t s of fort y weeks d i vided into t en part s of four vve eks each. 
All assignments are made out in advance f or t he four- week period 
and are mimeographed fer each s t udent. -.The assignmen t s are t aken 
in t he form of cont racts as if t hey were j obs . A s tatement i s 
signed by t he s t udent t o t h e effec t t hat he wi l l carry out t he 
ass i grunent t o t he best of his ability • 
'rhe student can work aut t he ma t erial accordi ng to h i s own 
i deas . Each pupil has a t ime card on which he budge t s his t ime for 
t he day. A dupl i cat e of t l1is mus t be placed in t he hands of t he 
home r oom t eacher . The pupil cannot wander around as he pleases 
but . ·,mu s t sign up for his t ime . This plan encourage s t he pupils t o 
• 
• 
work t oge t her . Class discussion is no t done away with but t akes 
a soc i ali zed atmosphere under the direc t ion of t he te acher. The 
pupils are prepared for cor.arnuni t y life by developing t he feeling 
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of cooperat ion and i nt erdependence which binds men toge t her in so-
cial relat ions. A graph of each pupil's work is placed on t he 
board and t hus a r ecord is kept of each pupil ' s progress. Thd. s 
me t hod of instruction encour•a:ges initia tive, resourcefulness , and 
originali t y on t he part of the pupils . After each pe·r·iod t he work 
is s t amped by t he t eacher on t he basis of correction . Mas t ery tes t s 
are t aken by t he s t udent s a t t heir own sugges t ions vn1en they. t hink 
t hat t hey have a good knowledge of t he subject at hand . Thuee 
assignment s are provided. Comple t ion of the minimum assignment 
and passing t he t e st on t his mat erial gives the pupil a passing 
grade . If t he firs t supplementary assignment is mas t ered the 
pupil receives a grade of good and if t he second supplement ary 
as signment is completed a grade of excellent This method of in-
struction mee t s t he individual differences of t he pupils. Under 
this plan i t is t he t eacher 's dut y t o guide, assis t, and inspire 
t he pupils t o work to t he bes t of their abili t ;tes. 
A t eacher in t he Evere t t .·High School , Everett, .1assachusett s 
has adopt ed t he principles of t h is plan in t eaching h i s nint h 
grade a l gebra classes . The ass i gnments are given t o t he students 
in t he form of jobs. The follovving mimeogr•aphed instructions 
are given tho t he pupils befox•e t-hey begin work : 
"You will find your assignment s wri tten out in t he form 
of a j ob , each job t o carry t he grade of fair, good, or excell-
ent* No marks of 65 per cent , 80 per cent, 85 per cent and the 
like will be accepted . You ei.ther mas t er or do not show mas t ery 
of t he j ob . Therefore t he challenge in each job is 'mas t ery'. 
• 
• 
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uyou. may work at your own. rate of speed but there is a 
minimum time limit on each job. As soon as you mas ter· one 
job you may pass on to the other. It is up to you to work 
up to your capacity. 
"The following suggestions will prove helpful in work-
ing each job: 
1. Follow directions carefully and in the order given. 
2. .Jobs due on or before the time specified. 
3. Each job is a single unit of work and will be graded 
on that basis. 
4. An examination will be required to ·show mastery of 
each job. 
5. No one may come up for examination on any of the re-
quirements in one of the advanced groups until all of 
the requirements of the previous groups have been com-
plied with. 
6. Fair carries a real mastery of "F" contract., and is 
the minimum requirement for a passing grade in this 
• class. 
7. Good carries a mastery of "F" and "G 11 contracts. 
8. Excellent carries a real mastery of both the 11 F 11 and 
"G 11 contracts and in addition the contract 11E 11 • 
9. Inc. will be used as a mark to indicate the lack of 
mastery of the particular job, i.e. incomplete. 
10 . Individual conferences with the teacher and officers 
should be frequent. 
ll. Indicate on the class graph your rating on each job as 
completed. n· 
8. Students. deserving honor rank and college certification 
should strive to fulfill contract "E". 
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Each job covers a unit of work and is composed of these con-
tracts: contract "F", contract "G", and contract 11E". Completion 
of contract "F 11 indicates that the pupil has mastered the funda-
mentals of the subject matter. Contract "G" gives a broader know-
ledge of the subject and contract "E" includes. actual problems 
which are met by different business houses. On .the completion of 
a contract the pupil comes to .the instructor for a test. on the ma-
terial. The pupils work individually but hold group discussions or 
class discussions whenever they feel the need of them. The teachet 
holds regular individual conferences with the pupils and these con-
ferences enable him to analyze their· difficulties and to give them 
the needed help. An experiment which the teacher carried out with 
his classes last year showed that this method of instruction great-
ly reduces the percentage of failures. 
The Mathematical C'lub is a device which should be use.d in the 
secondary school to acquaint the pupils with some of the interest-
ing material connected with mathematics which cannot be considered 
in the classroom. Mathematical clubs promote interest in the study 
of mathematics; develop an appreciation for the truth and beauty in 
mathematics and our dependence upon it in practical life; and fur-
ni.sh_ ... an outlet for the pupil's social instincts. 
Many junior and senior high schools have already organized r 
mathematical clubs. The form of organization ¥aries in the dif-
ferent schools. Some clubs include all the pupils who take math- · 
ematics in their membership. The membershilip in others is limited 
to students who receive a certain scholarship rating, or to pupils 
in a certa in grade. The mee.tings are held during school hours in 
. 
a club ac:t,ivity period, or after school hours. The clubs usually 
take . the name of a famous mathematician, or of a mathematical 
figure. 
• 
• 
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The supply of program material is ineXhaustible, but it 
should be selected and adjusted to suit the ages and educational 
advancement of the members. 
The following subjects are rugges tions for the program of 
the club: 
Nut1erical Puzzles. 
Famous or Historic Problems .. 
Mathematiqal Games. 
Fallacies and Ca tch Quest ions. 
Short Cuts. 
Curious Properties of Numbers . 
First Notions of Number . 
Primit ive Number Systems. 
Origin of Our Decimal System. 
Famous Mathematicians. 
Each club should have a small library of books on mathematical 
history and recreations. Mathematical clubs allow the pupils to 
explore and discover for themselves the many interesting and 
worth-while pleasures that are to be found there. The pupils 
come to know mathematicians , the value of the science of mathe-
matics, and the recreations ·which it offers. They find that there 
is more interest in mathematics than they had dreamed • 
• 
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TEACHERS OF SECOliDARY MATHEMATICS. 
The success or failure of a course in mat.hematics de pends 
largely on the teacher. What the qualifications for teaching 
secondary mathematics should be is an important problem in America 
today. Europe is far ahead of the United States in the professional 
and scientific requirements of the secondary teaching. In most 
European countries . the secondary teacher must have, in addition 
to a general college course, at least two years of graduate and 
professional training· Poor teaching in our secondary schools has 
caused much of the failure of mathematics. Classes in mathematics 
have been conducted by teachers who have no s:r:e cial training nor 
interest in the subject. This type of teacher must depend entirely 
on the textbook, and follow its program exactly. To be successful, 
the mathematics teacher must have a thorough command of the subject 
and a knowledge of its application, a genuine interest in mathemat-
ics, a sympathetic understanding of the pupils, and a knowledge of 
the psychology of learning. 
In the United States there is no uniform standard for teachers 
of secondary mathematics and therefore the requirements vary in the 
different sections of the country. The National Committee on Mathe-
matical Requirements suggests 'that the following standard be adopted 
for permanent teachers of mathematics in senior high schools: 
1. Graduation from a standard four year colle09, or university, 
or from an institution offering courses of at least equal dif-
ficulty and educational value. 
• 
• 
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2. Credit for at least the following mathematical courses 
(given by teachers of mathematics in college or universit-
ies): 
(a) Plane and spherical trigonometry; 
(b) Plane analytic geometry and the elements of analytic 
geometry of three dimensions; 
(c) College algebra . (1 semester); 
(d) Differential and integval calculus, with applications to 
geometry and mechanics (3 semesters); 
(e) Synthetic projective geometry (1 semester); 
(f) Scientific training in geometry (2 semesters - (i) first 
semester: Text, J. Petersen's Methods and Theories for 
the Solution of Problems of Geometrical Constructions, 
and accompanying lectures to present the history of the 
famous problems, and the history of elementary geometry; 
(ii) second semester: Texts, F. Klein's Famous Problems 
of Elementary Geometry (except chapters on transcen-
dence of e and~), J. w. Young's Lectures on . Fundamental 
Concepts of Algebra and Geometry (selected chapters), and 
for half the semester, J. Hadamard's Lecons de Geometrie 
Elementaire, vol. 1, Geometrie Plane, vol. 2, Geometrie 
dans 1 1 espace, especially the chapters on proportional 
lines, areas, regular polygons, dihedral and polyhedral 
angles, polyhedra, cylinders, cones, and spheres, and 
the notes on Euclid's postulate, notions of area, defin-
itions of volumes, regular polyhedra, and groups of 
rotations. 
• 
• 
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(g) Scientific training in algebra (2 semesters) - Lectures 
on the history of elementary algebra and topics from the 
following texts: J. Vf . Young's Lectures on Fundamental Con-
cepts of Algebra and Geometry (selected chapters), Fine's 
College Algebra (especially the parts on numbers, fundamen-
tal ·: theorem of algebra, h. c. f. and 1. c. m., symm.etric 
fUnctions, conver§9nce and divergence of series), F. Klein's 
Famous Problems of Elementary Geometry (chapters on tran-
scendence of e and~). 
3. Credit for at least the following scientific courses: Theo-
retical and practical physics (3 semesters), chemistry (2 
semesters). 
4. Credit for at least the following theoretical professional 
courses (4 semesters; given by teachers of education): His-
tory of education, Principles of education, methods of 
teaching (including the teaching of elementary algebra and 
geometry), educational psychology, organization and funct-
ions of secondary education. 
5· Satisfactory performance of the duties of a teacher in math-
ematics in a secondary school far a period of not less than 
10 year, or 20 semester, hours. (It is considered by many 
competent authorities that the most satisfactory conditions 
for this practical professional training are in connection 
with a year of postgraduate work in a school of education 
organized so that continuous directed teaching of classes 
in public schools throughout the year is available to stu-
dents.) 1 
1see Bibliography No. VI (pp. 507-508) 
• 
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It is believed that college semester-courses in rational geom-
etry, descriptive geometry, analytic projective geometry, theory of 
statistics, mathematics of investment, surveying, practical and de"!! '-
scriptive astronomy, and in many other mathematical topics as may be 
possible, are also desirable. 
It is generally conceded as further desirable that the prospect-
ive teacher should have studied during the college course the follow-
ing subjects: History, economics, sociology, political science, gen-
eral psychology, philosophy, and ethics. (End National Com~ittee 
Standard.) 
Although it is necessary to have well prepared teachers, the 
requirements should not be so high as to discourage, because of the 
length of time required for preparation, those vfuo are really inter-
ested in the teaching of mathematics. The teacher should keep his 
mind alert by continued study in his field of teaching, and should be 
acquainted with the progress which is being made in the pedagogy of 
the subject. The rapid development of summer sessions and schools 
of education in our universities gives the teacher an excellent op-
portunity to study and improve his teaching. The teacher in service 
should be required to take advantage of these opportunities. 
The American Commissioners of the International Commission on 
the Teaching of Mathematics offer the following list of subjects as 
the minimum requirements for the teacher of secondary mathematics: 
(a) Trigonometry, college algebra, analytic geometry • 
(b) Surveying, or descriptive geometry, or elementary astronomy. 
(c) The differntial and integral calculus with applications to 
geometry, mechanics, and physcis. 
(d) Modern geometry. 
• 
• 
(e) The elements of analytic mechanics. 
(f) The elements of theoretic and laboratory physics. 
(g) Algebra from a modern standpoint. 
(h) One or more courses introductory to important fields of 
modern mathematics • 
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(i) One or more courses in the history of mathematics. (These 
courses may cover contemporary as well as past conditions 
and should utilize the vast amount of valuable material fur-
nished by the reports to th..e International Commission on 
the Teaching of Mathematics. Messrs. Georg & Co., Geneva, 
Switzerland, are the selling agents for all these reports.) 
(j) One or more courses on the teaching of mathematics. (These 
courses should include critical discussion of the subject 
matter, considerable observation of instruction, and whenev-
er possible practice teaching.) 1 
Wnile it may not be practical to demand that every teacher 
have all of these qualifications at the beginning of his career, he 
may be required to meet this standard by taking summer courses and 
university extension studies. The recommendations both of the Nat-
ional Committee on Mathematical Requirements, and of the American 
Commissioners of fue International Commission on the Teaching of 
Ma thematics might well be used as a basis for a standard for teach-
ers of senior high school mathematics. 
The teacher of mathematics in the junior high school may not 
need as strong a foundation in pure mathematics as the senior high 
school teacher, but he needs a broad insight into the social needs 
of mathematics, wide experience in discovering and appreciating 
quantitative relations, and appreciation of the value of mathematics 
as a tool. 
lsee Bibliography No. XXVII {pp. 37 - 38) 
• 
• 
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In determining the higher mathematics necessary for the jun-
ior high school teacher we must take into consideration the major top-
ics which the pupils study during this period. Formula work, graph 
work, the concept of the function, trigonometry, computation, drawing, 
and properties of solids make up the most important mathematical work 
of the junior high school. The teacher in such a school should, there-
fore, have his knowledge of these points strengthened. Trigonometry 
will fortify his knowledge of formula work; analytical geometry will 
give him skill in graph work; calculus will improve his idea of the 
concept of the function; logarithms will improve his skill in compu-
tation; descriptive geometry will help him in the work in drawing and 
in the properties of solids. It follows, therefore, that the prospect-
ive teacher of mathematics in the junior high school should study 
trigonometry, analytical geometry, calculus, logarithms, and descript-
ive geometry. 
Besides this work in pure mathematics, he sould have training 
in the method of presentation. The mathematics teacher in the junior 
high school should make the subject a vital issue to the pupils, should 
lift it out of the humdrum which has so frequently characterized it, 
and supply the s:tandardization of presentation so lacking but so 
necessary. 
Like other professional men and women, the teacher of mathe-
matics must see to it that his mind is kept in a growing state. He 
should associate with his fellow teachers; read modern literature on 
his subject; and be acquainted with what is being done by the 
scholars and leaders in the scien~e. He should join an association 
of teachers of mathematics. There are associations of mathematics 
teachers in the principal territorial divisions of the United States 
• 
• 
whose membership is made up of men and women teachers in secondary 
schools. The purposes of these associations are the improvement of 
the teaching of mathematics, and the encouragement of personal ac-
quaintance among mathematics teachers. The associations carry .on 
their work by the reading and discuss i on of papers at the meetings; 
and by committees appointed to report upon definite elements of the 
teaching of mathematics in secondary schools • 
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